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(54) Wavelength controlling method enabling use of wider wavelength range and network system 
using the method 



(57) A method of controlling a wavelength of emitted 
light in a network system having a light transmission line 
for transmitting light, light-emitting means having a plu- 
rality of discrete continuous-wavelength-tunable ranges 
and emitting the light to the light transmission line, and 
detecting means for detecting light on the light transmis- 
sion line, includes detecting, by the delecting means, a 
wavelength falling within one of the plurality of continu- 



ous-wavelength-tunable ranges of the light-emitting 
means which does not interfere with any wavelengths of 
light being transmitted on the light transmission fine, 
and emitting, to the light transmission line, light from the 
light-emitting means at the wavelength detected in said 
detecting step. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to a method of con- 
trolling wavelength used in wavelength multiplex com- 
munication networks and also to a network system 
using the wavelength controlling method. 10 

Description of the Related Art 

In general, a wavelength multiplex communication 
network system employs a multiplicity of independent is 
channels arranged in a single transmission line such 
that each channel performs communication independ- 
ently of other channels. Such a wavelength multiplex 
communication network system does not necessitate 
frame synchronization or other multiplexing processing 20 
along the time axis and, hence, does not require coinci- 
dence of transmission rates of different channels. This 
type of communication network system, therefore, is 
suitable for use in multi-media communications in which 
flexibility or adaptability of the network is an important 25 
requisite. 

A wavelength multiplex communication network 
system has, for example, a number of terminal stations, 
each having a combination of a wavelength tunable 
optical transmitter and receiver. In operation, the trans- so 
mitting terminal station controls the wavelength tunable 
optical transmitter such that the transmitter transmits 
light of a wavelength which is not being used on the net- 
work communication transmission line, while the receiv- 
ing station controls a tunable optical filter of the optical 35 
receiver such that the central wavelength of the spec- 
trum passed by the filter coincides with the wavelength 
of the light to be received. Thus, the range of wave- 
length which can be used in the wavelength multiplex 
communication network system is governed by the 40 
ranges over which the wavelengths of the optical trans- 
mitter and receiver are variable. Meanwhile, the wave- 
length spacing of the channels (referred to as "channel 
spacing", hereinafter) is determined by the width of the 
spectrum transmitted through the optical filter of the 45 
optical receiver. 

A semiconductor laser (referred to as "LD", herein- 
after) of the wavelength tunable type can be used as the 
wavelength tunable light source. Research in recent 
years has been aimed towards widening the range of so 
wavelength variation. At present. LDs of the multi-elec- 
trode DBR (Distributed Bragg Reflector) type and the 
multi-electrode DFB (Distributed Feedback) type have 
been put to practical use. These LDs have wavelength 
tunable ranges on the order of several nanometers 55 
(nm). An example of such multi-electrode LD is shown 
in TRI-ELECTRODE RESONATOR A/4 SHIFT MQW- 
DFB LASER, Technical Report of the Institute of Elec- 
tronics, Information and Communication Engineers, 



OQE (Optical and Quantum Electronics). 89-116. The 
tunable optical filter may also be a Fabry-Perot resona- 
tor-type filter. This type of fitter, which has been put to 
practical use, has a wavelength tunable range of several 
tens of nm and a spectral width of 0.1 nm. An example 
of this type of filter is shown in "A field-worthy, high-per- 
formance, tunable fiber Fabry-Perot filter" preprint, 
ECOC (European Conference on Optical Communica- 
tion) '90-605. 

The number of channels in a wavelength multiplex 
communication network system having a given range olf 
wavelength variation can be increased by reducing the 
channel spacing. In order to reduce the channel spacing 
to a value which is not greater than the width of fluctua- 
tion caused by drifting of wavelengths of the tunable LD 
and tunable optical filter, it is necessary that the influ- 
ence of drift is suppressed by a suitable control. To this 
end, it is necessary to stabilize the wavelength both 
absolutely and relatively. However, it is not easy to 
obtain an absolute reference for wavelength. Relative 
wavelength stabilization is also difficult to achieve, par- 
ticularly in a communication network such as a LAN in 
which optical transmitters are located at remote places. 

The state of the art is such that the continuous 
wavelength tunable range afforded by tunable optical fil- 
ters is greater than that of tunable LDs. For instance, 
while the continuous wavelength tunable range of a typ- 
ical, tunable LD is on the order of several nm, the range 
over which the wavelength transmissible through the 
tunable optical filter well exceeds 10 nm. Therefore, in a 
system in which tunable LD is used as light-emitting 
means while a tunable optical filter is used as detecting 
means, the continuous wavelength tunable range of tun- 
able LD is one factor limiting the number of the chan- 
nels. 

It has been known that there is a type of light-emit- 
ting means which can materially expand the range of 
wavelength variation of the emitted light, on condition 
that discontinuities of wavelength are allowed to be 
present in the wavelength tunable range. For instance, a 
certain type of tunable LD can exhibit an expanded 
wavelength tunable range of 10 nm or greater when dis- 
continuities of wavelength are permitted. An example of 
such tunable LD is disclosed in IEEE Photonics Tech- 
nology Letters, "A Three-Electrode Distributed Bragg 
Reflector Laser With 22 nm Wavelength Tuning Range," 
Vol. 3, No. 4, pp 299 - 301 , (1 991). More specifically, this 
LD is a three-electrode DBR-LD which has a gain-cur- 
rent supply electrode, a phase-current supply electrode 
and a Bragg-current supply electrode. It is reported that 
an expanded range of luminescent wavelength span- 
ning about 22 nm between 1512 nm and 1534 nm, 
when the current supplied to the Bragg electrode is var- 
ied between - 1 20 mA and +120 mA, while the gain-cur- 
rent supply electrode is supplied with a constant current 
of 175 mA. It is also reported that there are about 20 
discontinuities within the above-mentioned expanded 
range. 



<EP O810752A2 I > 



0 



3 EP0 810 

SUMMARY pF THE INVENTION 

An object of the present invention is to provide a 
wavelength controlling method in which the number of 
channels is not limited by the width of a single continu- 5 
ous variable range of wavelength of emitted light. 

The present invention provides a wavelength con- 
trolling method which enables the use of advantages of 
light emitting means, such as the means described 
above, having a plurality of discrete continuous wave- 10 
length tunable ranges. 

According to one aspect of the present invention, 
there is provided an emission light wavelength control- 
ling method for use in a network system having a light 
transmission line for transmitting light, a light-emitting is 
device having a number of discrete continuous-wave- 
length-tunable ranges and outputting light to the light 
transmission line, and a detector for detecting light on 
the light transmission line. The method includes a step 
of detecting, using the detecting means, a wavelength 20 
which falls within any one of the continuous-wavelength- 
tunable ranges of the light-emitting device and which 
does not interfere with any other light when delivered by 
the light-emitting device to the light transmission line. 
The method also includes a step of delivering, to the 25 
light transmission line, the output light from the light- 
emitting device at the wavelength which falls within one 
of the continuous-wavelength-tunable ranges of the 
light-emitting device and which does not interfere with 
other light. 30 

According to this controlling method, it is possible to 
control the wavelength of light emitted from a light-emit- 
ting device having a plurality of discrete continuous 
wavelength tunable ranges, without the risKof interfer- 
ence with other light. 35 

The step of detecting the wavelength which falls 
within any one of the continuous-wavelength-tunable 
ranges of the light-emitting device and which does not 
interfere with other light may include: a first sub-step of 
detecting, using the detecting means, a wavelength 40 
which does not interfere with other light; a second sub- 
step of controlling the detecting means such that the 
detecting means can detect light of the detected wave- 
length which does not interfere with other light; and a 
third sub-step of varying the wavelength of the output 45 
light from the light-emitting device and discriminating 
whether or not the detecting means detects the output 
light from the light-emitting device. Executing such sub- 
steps enables detection of a wavelength which falls 
within one of the continuous-wavelength-tunable ranges so 
of the light-emitting device and which does not interfere 
with other light, even when the wavelength tunable 
range of the tight- emitting device is unknown. When 
there are a number of wavelengths which do not inter- 
fere with other the other light while the detecting means ss 
fails to detect the output light from the light-emitting 
device despite execution of the second and third sub- 
steps, the method may be carried out by repeating the 
second and third sub-steps. In such a situation, the sec- 
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ond sub-step controls the detecting means to enable 
the detecting means to detect another wavelength from 
among the wavelengths which do not interfere with the 
other light. This second sub-step is followed by the third 
sub-step. The second and third sub-steps are repeated 
until the detecting means detects the output light from 
the light-emitting device. 

On the other hand, when the wavelength tunable 
range of the light-emitting device is known, the step of 
detecting the wavelength which falls within one of the 
continuous-wavelength-tunable ranges of the light-emit- 
ting device and which does not interfere with other light 
may be carried out by executing a sub-step of detecting, 
using the detecting means, a wavelength Which does 
not interfere with other light, and a sub-step of discrimi- 
nating whether or not the detected wavelength falls 
within one of the continuous-wavelength-tunable ranges 
of the light-emitting means which have been stored. 

The method may further include a step of control- 
ling, after the execution of the delivering step, the wave- 
length of the output light so that the wavelength is 
spaced a predetermined amount from an adjacent 
wavelength or is maintained at an end of the continu- 
ous-wavelength-tunable range. 

Various methods are available for preserving pre- 
determined spacing between the adjacent wavelengths. 
For instance, the predetermined spacing may be pre- 
served by a process including controlling the detecting 
means to vary the wavelength detectable by the detect- 
ing means, by changing the value of a parameter which 
determines the detectable wavelength. The process 
also includes detecting, by the detecting means thus 
controlled, both the wavelength of the output light from 
<he light-emitting means and the above-mentioned adja- 
cent wavelength. In addition, the process includes com- 
paring the values of the parameter with which the 
wavelength of the output light and the wavelength of the 
adjacent wavelength were detected, thereby detecting 
the difference between the parameter values. The 
parameter may be, for instance, a voltage or current for 
controlling a tunable optical filter for varying the wave- 
length selectable by the tunable optical filter when such 
a filter is used as the detecting means. The process also 
includes controlling the light-emitting means to increase 
the spacing between the wavelength of the output light 
• and the adjacent wavelength when the difference in the 
parameter value is small, and to decrease the spacing 
when the difference in the parameter value is large. It is 
to be noted, however, the relationship between the 
parameter value and the detectable wavelength is not 
always linear. The process, therefore, may be carried 
out while effecting any necessary compensation for 
each of the wavelength ranges to be detected. 

Another way of preserving the predetermined spac- 
ing between the wavelengths employs first and second 
detecting means which are in fixed wavelength relation- 
ship with each other. The first detecting means is 
adapted to detect the wavelength of the output light from 
the light-emitting means, while the second detecting 
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means detects the adjacent wavelength. Then, while 
the second detecting means is detecting the adjacent 
wavelength, a servo control is performed to vary the 
wavelength of the output light from the light-emitting 
means until the wavelength of the output light is 5 
detected by the first detecting means. In this way, the 
required spacing is preserved between the wavelength 
of the output light and the adjacent wavelength. 

The method also may be carried out such that the 
delivery of the output light from the light-emitting means 10 
to the transmitting line is prohibited until the wavelength 
of the output light is set not to interfere with the other 
light. Alternatively, the method may be carried out such 
that the delivery of the output light from the light-emitting 
means to part of the transmitting line is prohibited until is 
the wavelength of the output light is set not to interfere 
with the other light. Thus, the delivery of the output light 
is controlled to avoid any interference which otherwise 
may be caused by delivering light of a wavelength which 
risks interference. A device controllable to selectively 20 
deliver output light or, alternatively, a device which per- 
forms change-over of a light path, may be used as the 
means for selectively delivering the output light to the 
transmission line or as the means for delivering the out- 
put light only to a selected portion of the transmission 25 
line. Both types of device are known and available as 
optical switches. 

When the network system has a portion in which 
interference is permissible, the method of the invention 
does not exclude delivery to such a portion of output 30 
light which has not been controlled to avoid interference 
with any other light. For instance, the arrangement may 
be such that the light-emitting means is provided in an 
optical node which also accommodates the detecting 
means and output control means for selectively deliver- 35 
ing the output light of the light-emitting means to the 
transmission line. With this arrangement, the output 
light from the light-emitting means is delivered to the 
detecting means and is controlled to a wavelength 
which does not interfere with any other light, before the 40 
output light is actually delivered to any portion of the 
transmission line through the optical node. 

The situation, however, is different when the net- 
work has a star-type arrangement, in particular when 
the light-emitting means and the light detecting means 45 
are far away from each other and communicable only 
through the transmission line which is inherently 
intended for communication, i.e., when there is no other 
separate line between the light emitting and receiving 
means. Thus, the light from the light-emitting means so 
reaches the detecting means along the transmission 
line which is intended for use in communication. An 
advisable arrangement for such case involves disposing 
a device, such as an optical switch, in the star coupler of 
the star connection. The optical switch permits light 55 
from the light-emitting means to reach the detecting 
means but not to reach other output ports which are 
connected to other light-emitting means and other light- 
receiving means, white performing control to set the out- 



put light to a wavelength which does not interfere with 
any other light The portion of the transmission line 
between the light-emitting means and the star coupler is 
a portion which permits interference. Thus, the delivery 
of the output light to that portion cof the transmitting line 
does not matter, even if the wavelength of the output 
light potentially risks interference with other light. 

The network system in accordance with the present 
invention may be constructed such that Ihe transmis- 
sion line has a number of transmission sub-lines which 
are coupled through a optical-coupler. The optical-cou- 
pler has at least one input port and a number of output 
ports to which the light inputted from the input port is 
passed. Practically, a star coupler can suitably be used 
as the optical-coupler. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of wavelength disposition 
along a transmission line under a wavelength con- 
trol method of the present invention; 
Ftgs. 2 A through 2D are illustrations of the opera- 
tion of a first embodiment of the wavelength control- 
ling method in accordance with the present 
invention; 

Figs. 3A and 3B are illustrations of the operation of 
a second embodiment of the wavelength controlling 
, method in accordance with the present invention; 1 
Fig. 4 is an illustration of the construction of a WDM 
network system; 

Fig. 5 is an illustration of the construction of an opti- 
cal transmitter incorporated in an optical node of 
the WDM network system; 
Figs: 6A through 6E are illustrations of operation of 
a wavelength controlling method, shown by way of 
reference example; 

Rg. 7 is an illustration of operation of a second 
embodiment of the wavelength controlling method 
in accordance with a third embodiment of the 
present invention; 

Rg. 8 is an illustration of wavelength disposition in 
accordance with the third embodiment, shown by 
way of example; 
and 

Rg. 9 is an illustration of the construction of a 
center node incorporated in the third embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before turning to the detailed description of the 
invention, a reference is made to a wavelength control- 
ling method based on a technique disclosed in a co- 
pending Japanese Patent Application No. 8-163092 (JP 
'092) filed by the same applicant in order to facilitate 
understanding of the present invention. According to 
this method shown in JP '092, when transmissions are 
performed by a plurality of optical transmitters, the 
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wavelengths, of the light outputs from the optical trans- 
mitters are disposed at a predetermined spacing from 
the longer-wavelength end towards the shorter-wave- 
length end or vice versa, in accordance with the order of 
the timing of commencement of the transmission. This 
method therefore does not require any absolute wave- 
length reference. Spacing between each channel and 
adjacent channels is maintained based on the result of 
sweeping of wavelength region around the wavelength 
of each optical transmitter performed by a tunable opti- 
cal filter. 

Fig. 4 illustrates an example of wavelength-division- 
multiplexing (WDM) communication network system 
incorporating an optical transmitter which is controlled 
in accordance with the above-described wavelength 
controlling method of JP '092. This system has a star- 
type network topology. As will be seen from this Figure, 
the WDM communication network system has optical 
nodes 401 , 402, 403. terminal stations 41 1 , 412, 413, a 
star coupler 420, and optical ffoers 431, 432, 433, 441, 
442, and 443. Each optical node 401 , 402, 403, has an 
optical transmitter 451 , an optical receiver 4 §2, and an 
optical branching device 453. To simplify the drawing 
figure, the components of the optical nodes are only 
illustrated for node 401. Moreover, although the 
arrangement tor only three terminal stations is shown 
for the purpose of simplification of illustration, several 
tens of terminal stations are actually connectable in this 
network system. 

The terminal stations 411, 412, and 413 are 
respectively joined to the network via the optical nodes 
401 , 402, and 403, respectively. The optical node 401 is 
connected to the star coupler 420 both through a trans- 
mitting optical fiber 431 and an optical fiber 441 through 
which the node 401 receives light. Similarly, the optical 
nodes 402 and 403, respectively, are connected to the 
star coupler 420 via transmitting and receiving optical 
fibers 432, 442 and 433, 443, respectively. The light sig- 
nals from the respective optical transmitters 451 are 
sent to the star coupler 420 via the optical fibers 431, 
432, 433. The star coupler equally distributes the tight 
from each optical transmitter 451 to all the optical nodes 
401 , 402, 403 via the optical ftoers 441 , 442 and 443. In 
each optical node, the light incident through the receiv- 
ing optical fiber 441 (or 442 or 443) is split by the optical 
branching device 453 into two parts which are delivered 
respectively to the optical transmitter 451 and the opti- 
cal receiver 452. As a consequence, the tunable optical 
filters of the optical transmitter and the optical receiver 
of each terminal station receive the light transmitted 
from its respective terminal station, together with the 
light signals transmitted from other terminal stations. 

Referring to Fig. 5, the optical transmitter has a 
wavelength control system 501, a tunable LD 502. a 
tunable optical filter 503, a tunable LD driver circuit 504. 
a tunable optical filter driver circuit 505, a light-receiving 
element 508, an amplifier 507, a discriminator 508, an 
optical modulator 509, an optical switch 510 and an 
optical confluence device 51 1 . 



The wavelength control system 501 controls the 
tunable LD driver circuit £04 and the tunable optical filter 
driver circuit 505 based on a signal outputted from the 
discriminator 508, thereby performing the control of the 

5 wavelength. Operations including starting of the wave- 
length control are controlled from the terminal station 
which is connected to the wavelength control system 
501 . The wavelength control system includes, for exam- 
ple, an arithmetic processing circuit, storage device, an 

70 A/D converter, a D/A converter, and so forth. The stor- 
age device stores parameters which are used in the 
wavelength controlling operation, as well as operation 
sequence program. i 

The tunable LD 502 may be a DBR-type LD, while a 

is Fabry-Perot tunable optical filter may be used as the 
tunable optical filter 503. The half amplitude width of the 
transmissive spectrum of the tunable optical filter 503 is 
a main factor which determines the channel spacing AX. 
The half amplitude width, therefore, should be deter- 

20 mined to be a suitable value which is not greater than 
the channel spacing AX. The wavelength tunable range 
of the tunable optical filter 503 is greater than the wave- 
length tunable range of any tunable LD 502 in the net- 
work. 

25 The optical modulator 509 performs intensity mod- 
ulation of the output light from the tunable LD 502 with 
the transmitted signal. When the modulation is con- 
ducted directly with the current injected into the tunable 
. LD 502, chirp over 0.1 nm or so inevitably takes place. 

30 Therefore, the described method employs an external 
intensity modulation system by optical modulator. 

The tunable LD driver circuit 504 drives the tunable 
LD 502, i.e., injects current into the tunable LD 502, 
such that the wavelength of light emitted from the tuna- 

35 ble LD 502 coincides with the wavelength correspond- 
ing to the tunable LD control voltage (referred to as VL, 
hereinafter) derived from the wavelength control system 
501. 

The tunable optical filter driver circuit 505 drives the 

40 tunable optical filter 503 such that the wavelength of 
transmitted through the tunable optical filter 503 coin- 
cides with the wavelength corresponding to the tunable 
optical filter control voltage (referred to as VF, hereinaf- 
ter) derived from the wavelength control, system 501 . 

45 The discriminator 508 has a threshold value which 
> is not greater than the output of the amplifier 507 as 
obtained when the wavelength of light of each channel 
coming into the tunable optical filter 503 from the trans- 
mission line coincides with the wavelength transmissive 

so through the tunable optical filter 503. For instance, the 
threshold value is set to the level of the half amplitude of 
the output from the amplifier 507. The discriminator 508 
produces a signal H (digital signal "1 ") when the level of 
the input signal is not smaller than the threshold value, 

55 otherwise it produces a signal L (digital signal "0"). 

The optical transmitter 451 associated with each 
terminal station receives, as a result of the sweeping of 
the tunable optical filter 503, wavelength-multiplexed 
light signal including the signal of the wavelength of the 
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associated terminal station, through the receiving opti- 
cal fiber 441 (or 442 or 443). The optical transmitter 
then detects the wavelength disposition in the multi- 
plexed fight signal and performs the wavelength control 
operation based on the detected wavelength disposi- 5 
tion. 

Figs. 6A through 6E illustrate the wavelength con- 
trol operation performed in the described network sys- 
tem of JP '092. A series of steps (1) to (5) of operation 
are performed by the optical transmitter 451 in each of 10 
the nodes 401 to 403. Each of the steps (1) to (5) is 
shown by means of a waveform chart illustrative of the 
wavelength disposition in which the abscissa indicates 
the wavelength, while vertical lines show wavelengths 
provided by the tunable LD 502. Wedge-form regions 15 
show the transmission bands of the tunable optical filter 
503. 

Table 1 below outlines the operations of the tunable 
optical filter 503 and tunable LD 502 of the optical trans- 
mitter, as welf the status of the optical switch 510, in 20 
each of steps (1) to (5). 



STEP (4) 

.Shift wavelength to longer side, since wavelength 
spacing has been increased due to extinction of adja- 
cent wavelength '0 

a) Tunable optical filter: Sweep from 
XL-dXtoXL + AX + dX. 

t>) Tunable LD: Maintain wavelength spacirq AX 
from adjacent wavelength Xa1 . ( 
c) Optical switch: Turned to select tansmission line. 

STEP (5) 

Set wavelength of tunable LD. 

a) Tunable optical filter: Sweep from 
XL-dXtoXL + AX + dX. 

b) Tunable LD: Maintain wavelength spacing AX 
from adjacent wavelength Xa2. 

c) Optical switch: Turned to select transmission line. 



STEP (1 ) 

Detect wavelength disposition 25 

a) Tunable optical filter: Sweep from minimum 
wavelength end (XFmin) to maximum wavelength 
end (XFmax) of wavelength range 

b) Tunable LD: Off so 

c) Optical switch: Turned to select optical conflu- 
ence device 

STEP (?) 

35 

Set wavelength of tunable LD 

a) Tunable optical filter: Set filter to wavelength XFs 
which is one of wavelength points spaced AX from 
another wavelength Xa1. 40 

b) Tunable LD: LD is turned on. Sweep from mini- 
mum wavelength XLmin till wavelength accords with 
XFs. 

c) Optical switch: Turned to select optical conflu- 
ence device. 45 

STEP (3) 

Deliver light to transmission line, while maintaining 
constant wavelength spacing from adjacent wavelength so 

a) Tunable optical filter: Sweep from 
XL-dXtoXL+ AX + dX. 

b) Tunable optical filter: Maintain wavelength spac- 
ing AX from adjacent wavelength Xa1 . ss 

c) Optical switch: Turned to select transmission line. 



More specifically, Step (1) in Rg. 6A shows the 
operation for detecting the wavelength disposition, per- 
formed immediately before the light emission from the 
optical node which has been instructed by the associ- 
ated terminal station to transmit data. Sweeping of the 
transmissrve wavelength of the tunable optical filter 503 
is performed over the entire range of wavelength tuning, 
i.e.. from the minimum wavelength XFmin to the maxi- 
mum wavelength XFmax. Meanwhile, the tunable LD 
502 is kept off, while the optical switch 510 has been 
turned to select the optical confluence device 51 1 . As a 
result of the sweeping, the wavelength control system 
501 can grasp the disposition of all wavelengths present 
on the transmission line. It is therefore understood that 
the wavelength Xa1 is the wavelength which is on the 
short-wavelength end of the wavelength disposition on 
the transmission line. 

Step (2) shown in Fig. 6B performs, subsequent to 
Step (1), setting of the wavelength to be transmitted 
from the tunable LD 502. More specifically, this step 
sets the wavelength of the tunable optical filter 503 to 
XFs which is spaced by XA from the above-mentioned 
wavelength Xa1. The optical switch 501 remains in the 
same state as that in Step (1), i.e., it is connected to the 
optical confluence device 51 1 . In this state, sweeping of 
the wavelength of the tunable LD 502 is performed, 
starling from the minimum wavelength XLmin of the 
wavelength tunable range of the tunable LD 502. 
Sweeping ceases when the output of the discriminator 
508 is turned to "IT. Consequently the wavelength of 
the light emitted from the tunable LD 502 coincides with 
the set wavelength XFs of the tunable optical filter 503, 
and is set to a wavelength position which is on the short- 
wavelength side of the adjacent wavelength Xa1 and 
spaced therefrom by AX which is the intended channel 
spacing. 

Step (3) shown in Fig. 6C performs, subsequent to 
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Step (2) t an>operation for maintaining the wavelength 
spacing. Sweeping of the transmissive wavelength band 
of the tunable optical filter 503 is performed starting 
from (XL - dX) to (XL + AX + dX) , where XL represents 
the luminescent wavelength of the tunable LD, while dX 
is a margin which is preserved to ensure detection of 
the wavelengths XL and Xal when the channel spacing 
is held at AX. The wavelength XL of the light from the 
tunable LD 502 is so controlled that the wavelength 
spacing between the wavelengths Xa1 and XL as moni- 
tored through the sweeping of the wavelength of the 
tunable optical filter 503 is maintained equal to the 
above-mentioned channel spacing AX. If the wavelength 
spacing is smaller than the channel spacing AX, a con- 
trol is performed to shift the transmission wavelength XL 
towards the shortest wavelength end, whereas, if the 
wavelength spacing is greater than the channel spacing 
AX, a control is performed to shift the same towards the 
longest wavelength end, thus maintaining the wave- 
length spacing equal to the channel spacing AX. When 
the wavelength of the tunable LD 502 is set to XFs, the 
optical switch 510 is turned to select the transmission 
line, so that the light from the tunable LD 502 is deliv- 
ered to the transmission line. 

Step (4) shown in Fig. 6D performs a wavelength 
shifting operation of the tunable LD 502 when the adja- 
cent wavelength Xa1 is extinguished in the preceding 
Step (3). The operations and states of the tunable opti- 
cal filter 503, tunable LD 502, and the optical switch 51 0 
are the same as those in Step (3). Thus, this step (4) 
repeatedly performs the detection of the wavelength 
disposition through the sweeping of the transmissive 
wavelength band of the tunable optical filter 503 from 
(XL - dX) to (XL + AX + dX) and subsequent shifting of 
the transmission wavelength XL of the tunable LD 502 
towards the long-wavelength end. 

Step (5) shown in Fig. 6E performs an operation for 
maintaining the wavelength spacing, after the repetition 
of the operation in Step (4). Sweeping of the transmis- 
sive wavelength band of the tunable optical filter 503 
from (XL - dX) to (XL + AX + dX) is performed to detect 
an adjacent wavelength Xa2, and the shifting of the 
transmission wavelength XL of the tunable LD 502 is 
ceased when the adjacent wavelength Xa2 is detected. 
Thus, the operation in Step (5) is the same as that in 
Step (3), except that the adjacent channel has been 
changed from Xa1 to Xa2. 

As will be seen from the foregoing description, in 
the network system shown as a reference example, 
each sending terminal station performs sweeping to 
detect any transmission wavelength of another station 
which may exist on the transmission line, and performs 
transmission of data by setting its transmission wave- 
length to the shortest end of the tunable wavelength 
range. Then, if the transmission from another station 
which has been executed at a longer transmission 
wavelength is ceased, the above-mentioned sending 
station shifts its transmission wavelength to a longer 
wavelength. The same shifting operation is performed 



when the transmission from still another station which 
has been executed at a fpnger transmission wavelength 
is ceased. The transmitted data contains address data' 
identifying the destination. The optical receiver of each 
5 station reads, via the light-receiving element, the 
header portion of the data while performing sweeping of 
its tunable optical filter at a predetermined time interval, 
and receives the data when the header portion of the 
data identifies this station as being the destination sta- 
re tion. 

Description will now be given of embodiments of 
the present invention. It is to.be notec) that features of 
the embodiments which aVe the same or equivalent to 
those in the foregoing description may ndt bte fully 
is described again in the following. 

First Embodiment 

A first embodiment of the present invention will be 
20 described with reference to the drawings. A wavelength 
multiplex communication network system in accordance 
with the first embodiment has a construction as shown 
in Fig. 4. Each of the optical nodes incorporated in the 
system has a construction shown by the block diagram 
25 in Fig. 5. The operation and function of the blocks are 
not described in order to eliminate duplication of expla- 
nation. 

Fig. 1 is a chart showing wavelength disposition 
illustrative of the wavelength control in accordance with 

30 the present invention. Wavelength is measured along 
the abscissa. Vertical lines indicate wavelengths of light 
signals from operating tunable LDs 502. Horizontal lines 
above these vertical lines show the continuous wave- 
length tunable ranges of the tunable LD 502 in the opti- 

35 cal node which will be specifically mentioned in the 
following description of the wavelength control in 
accordance with the present invention. This optical 
node, therefore, will be referred to as the "subject optical 
node". In the illustrated case, there are three continuous 

40 wavelength tunable ranges #1, #2, and #3. There are 
two types of vertical lines: solid vertical lines indicative 
of the wavelengths which have been excited and 
present on the transmission line in advance of the start 
of light emission from the subject optical node, referred 

45 to as "existing wavelengths"; and broken vertical lines 
' indicative of candidate set wavelengths to which the 
transmission wavelength from the subject optical node 
can be set in accordance with the wavelength control 
method of the present invention. 

so Figs. 2A - 2D illustrate the operation of the first 
embodiment of the wavelength control method of the 
present invention. Before the optical transmitter associ- 
ated with the subject optical node is commenced, a 
process is executed for the purpose of setting the trans- 

55 mission wavelength of the tunable LD 502, including 
four steps (I) to (IV), shown in Figs. 2A-2D, respectively. 
These steps (I) to (IV) have reference to Steps (1) and 
(2) of the operation performed in the network system of 
JP *092, described before in connection with Fig. 6. 
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Steps I - IV are outlined in Table 2 below, 
Step(l) 

Detect wavelength disposition s 

a) Tunable optical filter: Sweep from minimum 
wavelength end XFmin to maximum wavelength 
end XFmax of wavelength range. 

b) Tunable LD: off to 

Step (II) 

Set wavelength of tunable LD 

15 

a) Tunable optical fitter: Set filter to wavelength 
XFsl. which is one of wavelength points spaced AX 
from another wavelength Xa1. 

b) Tunable LD: LD is turned on. Sweep from mini- 
mum wavelength XLmin till wavelength accords with 20 
XFs1 or till XLmax is reached. 

Step (Ml) 

Set wavelength of tunable LD 25 

a) Tunable optical filter: Set filter to wavelength 
XFs2 which is one of wavelength points spaced AX 
from another wavelength Aa2. 

b) Tunable LD: LD is turned on. Sweep from mini- 30 
mum wavelength XLmin till wavelength accords with 
XFs2 or till Xlmax is reached. 

Steo (IV) 

35 

Set wavelength of tunable LD 

a) Tunable optical fitter: Set filter to wavelength 
XFs3 which is one of wavelength points spaced AX 
from another wavelength Xa3. *o 

b) Tunable LD: LD is turned on. Sweep from mini- 
mum wavelength XLmin till wavelength accords with 
XFs3 or till XLmax is reached. 

Fig. 2A shows wavelength disposition on a wave- 45 
length multiplex transmission line, with the distance 
along the abscissa indicating spread of wavelength. For 
the purpose of simplification of the drawings, Fig. 2A 
shows an enlarged part of Fig. 1 ; that is. only the contin- 
uous wavelength tunable ranges #1 and #2. among the 
three ranges #1 to #3 available on the tunable LD 502, 
are shown. Solid vertical lines show the existing wave- 
lengths, while broken vertical lines show the candidate 
wavelengths. Wedge-shaped region XFmax represents 
the longest transmissive wavelength of the tunable opti- ss 
cal filter 503, while XFmin represents the shortest trans- 
missive wavelength of the same. Also shown are the 
operations or states of the tunable optical filter 503 and 
tunable LD 502 of the optical transmitter in each of the 
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steps (I) to (IV) of Figs.2A - 2D, respectively. The state 
of the optical switch 510 is not specifically shown in 
Figs. 2 A - 2D, because the optical switch 510 constantly 
selects the optical confluence device 510 throughout 
thesteps{l)to(IV). 0 

In Figs. 2A • 2D, AX indicates the channel spacing 
to be maintained under the wavelength control of the 
invention, XLmin indicates the shortest wavelength in 
the wavelength tunable range available on the tunable . 
LD 502 of the optical transmitter in the subject optical 
node, XL indicates the transmission wavelength under 
the control, XFmin and XFmax respectively indicate the 
shortest and longest wavelengths of the wavelength 
tunable range of the tunable optical filter 503, XFs1, 
XFs2 and XFs3 respectively indicate the wavelengths of 
the, tunable optical f Hter 503 as obtained in the course of 
setting of the wavelength of the tunable LD 502, and 
Xa1 , Xa2, and Xa3 respectively indicate adjacent wave- 
lengths which are mentioned in the following description 
as being reference wavelengths from which the trans- 
mission wavelength to be obtained has to be spaced in 
order to avoid interference. 

The tunable LD 502 of the optical transmitter used 
in the present invention has a certain wavelength tuna- 
ble range which contains a plurality of discrete continu- 
ous wavelength tunable ranges. Only three, i.e.. #1. #2, 
and #3, of these discrete continuous wavelength tuna- 
ble ranges are shown in Fig. 1. According to the present 
invention, the wavelength control is performed so as to 
set the transmission wavelength of the tunable LD 502 
such that the transmission wavelength coincides with 
one of the candidate wavelengths each of which is 
within any one of the continuous wavelength tunable 
ranges #1 to #3 and is spaced by the required channel 
spacing AX from any existing wavelength which is on 
one end of any group of existing wavelengths (solid ver- 
tical lines) in the illustrated wavelength disposition. 
Referring to Fig. 1, there is no such candidate wave- 
length in the continuous wavelength tunable range #1. 
The single broken vertical line in the range #2 and a 
couple of broken vertical lines in the range #3 are the 
candidate wavelengths. The transmission of the light 
from the tunable LD 502 is conducted at a wavelength 
which coincides with one of these candidate wave- 
lengths. The operation for setting the transmission 
wavelength will be more fully described with reference 
to Figs. 2A-2D. 

It is assumed here that, in this embodiment, the 
characteristic of the tunable LD 502 in terms of the cur- 
rent injected into the LD and the wavelength of light 
emitted therefrom has not been stored in the wave- 
length control system 501 of the optical transmitter. The 
wavelength control system 501 detects the wavelength 
disposition of the existing wavelengths, through sweep- 
ing of the wavelength of the tunable optical filter 503. in 
order to find a wavelength which is within any one of the 
continuous wavelength tunable ranges and which is 
spaced by the required channel spacing AX from any 
existing wavelength on one end of any group of existing 
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wavelengths^ 

Referring to Fig. 2 A, Step (I) conducts detection of 
the wavelength disposition on the optical fiber transmis- 
sion line of the network system. The transmissive wave- 
length range of the tunable optical filter 502 is swept s 
from XFmin to XFmax, thereby detecting disposition of 
existing wavelengths. Wavelengths indicated by broken 
vertical lines are located as the candidates of the trans- 
mission wavelength to be set, based on the wavelength 
spacing descrfoed above. 

Subsequently, Step (II), shown in Fig. 2B, conducts 
first cycle of a wavelength setting operation for setting 
the wavelength of the tunable LD 502. In this operation, 
the wavelength of the tunable optical filter 503 is set to 
the longest wavelength XFs1 from among the candidate 
wavelengths, and the luminescent wavelength of the 
tunable LD 502 is swept from XLmin to XFs1 . In the illus- 
trated case, the wavelength Fs1 is between the continu- 
ous wavelength tunable range #1 and the continuous 
wavelength tunable range #2, so that the wavelength of 
the tunable LD 502 never coincides with the wavelength 
Fs1 , despite the sweeping up to the wavelength XLmax. 
Thus, the first cycle of operation for setting the wave- 
length of the tunable LD 502 fails to hit. 

Step (III), shown in Fig. 2C, performs a second 
cycle of the operation for setting the wavelength of the 
tunable LD 502. This operation is substantially the same 
as that in Step (I I) except that the wavelength of the tun- 
able optical filter 503 is set to the candidate wavelength 
XFs2 which is second to the longest. In this case, since 
the wavelength XFs2 is between the continuous wave- 
length tunable range #1 and the continuous wavelength 
tunable range #2, so that the wavelength of the tunable 
LD 502 never coincides with the wavelength Fs2, 
despite the sweeping up to the wavelength XLmax. 
Thus, the second cycle of the operation for setting the 
wavelength of the tunable LD 502 also fails to hit. 

Subsequently, Step (IV) performs a third cycle of 
the operation for setting the wavelength of the tunable 
LD 502. This operation is substantially the same as that 
in Step (II) ( except that the wavelength of the tunable 
optical filter 503 is set to the candidate wavelength XFs3 
which is third to the longest. In this case, the wavelength 
XFs3 falls within the continuous wavelength tunable 
range #2. Therefore, when the wavelength of the light 
emitted from the tunable LD 502 coincides with XFs3 
during the sweeping of the wavelength of the tunable LD 
502, the tunable optical filter 502 passes this light of the 
wavelength XFs3 to the light-receiving element 506. 
Consequently, the output from the light-receiving ele- 
ment 506 exceeds the threshold level of the discrimina- 
tor 508, thus confirming that the wavelength of the light 
from the tunable LD 502 has coincided with the candi- 
date wavelength XFs3. The luminescent wavelength of 
the tunable LD 502, therefore, is set to XLs3. 

After the luminescent wavelength of the tunable LD 
502 has been set to a wavelength which is spaced XA 
from an end of a group of existing wavelengths, i.e., to 
the wavelength XFs3 in the illustrated case, the optical 



switch 510 is turned to select the transmission line, and 
an operation for maintaining the wavelength spacing 
from the adjacent wavelength is conducted in the same 
manner as that in the network system described before 
as a reference. 

' It will be understood that although in the illustrated 
case the luminescent wavelength of the tunable LD $02 
is set in the third cycle of the setting operation, this is 
only illustrative and the setting may be done in the first 
or ( second cycle, or fourth or further cycle, of the setting 
operation, depending on the wavelength disposition and 
the disposition of the continuous wavelength tunable 
ranges. 1 

The described embodiment of the preserit invention 
permits the use of a tunable LD having a wavelength 
tunable range which is as wide as several tens of run, 
although this range contains discontinuities, thus mak- 
ing it possible to implement a wavelength division multi- 
plexing communication network having a greater 
number of wavelength multiplexing. 

One advantage of the described embodiment is 
that the wavelength characteristic of the tunable LD 502 
need not be adjusted when fabricating an optical trans- 
mitter or when replacing a tunable LD 502. 

Second Embodiment 

A second embodiment of the present invention will 
now be described with reference to the drawings. 

Figs. 3A and 38 are illustrations of the operation of 
the second embodiment of the wavelength control 
method in accordance with the present invention. These 
Figures show steps which correspond to the steps of 
the first embodiment described before in connection 
with Figs. 2 A - 2D. Thus, symbols appearing in this Fig- 
ure represent the same things as those in Figs.2A - 2D. 
More specifically, Figs. 3A and 36 show a series of 
Steps (i) and (ii) for setting the luminescent wavelength 
of the tunable LD. 

Step(i) 

Detect wavelength disposition 

a) Tunable optical filter: Sweep from minimum 
wavelength end XFmin to maximum wavelength 
end XFmax of wavelength range. 

b) Tunable LD: off 

Steo (ii) 

Set wavelength of tunable LD 

a) Tunable optical filter: Set filter to wavelength XFs 
which is one of wavelength points spaced AX from 
another wavelength Xa. 

b) Tunable LD: LD is turned on. Sweep from mini- 
mum wavelength XLmin2 of continuous wavelength 
tunable range #2 till wavelength accords with XFs. 
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In this second embodiment, the wavelength control 
system 501 of the optical transmitter stores beforehand 
the relationship between the electrical current injected 
to the tunable LD 502 and the wavelength of the light 
emitted therefrom, as well as the relationship between 5 
the voltage applied to the tunable optical filter 503 and 
the wavelength selected by this filter. It is also to be 
understood that the second embodiment only requires 
determining in which one of the plurality of discrete con- 
tinuous wavelength tunable ranges the wavelength 70 
which does not interfere with other wavelength is con- 
tained or, in which discrete continuous wavelength tun- 
able ranges the wavelengths which do not interfere with 
other wavelength are contained. In this embodiment, 
therefore, any error on the order of AX in the relation- /s 
ships between the wavelengths and the control varia- 
bles is permissible. Thus, in this second embodiment, a 
wavelength is looked for which falls within any one of the 
continuous wavelength tunable ranges and which is 
spaced AX from a wavelength which is on one end of a so 
group of existing wavelengths, in a manner which will 
now be described with reference to Figs. 3A and 3B. 

Referring to Fig. 3A, Step (i) performs detection of 
the wavelength disposition. More specifically, the trans- 
missive wavelength of the tunable optical filter 503 is 25 
swept over a range from XFmin to XFmax. whereby the 
disposition of existing wavelengths on the transmission 
line is detected. Then, candidate wavelengths for emis- 
sion from the tunable LD 502 are searched for within the 
continuous wavelength tunable ranges, based on the 30 
transmissive wavelength characteristic of the tunable 
optical filter 503 and the luminescent wavelength char- 
acteristic of the tunable LD 502. As a result, the wave- 
length indicated by broken vertical line is determined as 
the set wavelength. . 35 

Subsequently, Step (ii) shown in Fig. 3B executes 
an operation for setting the luminescent wavelength of 
the tunable LD 502. This operation is preceded by set- 
ting the transmissive wavelength of the tunable optical 
filter 503 to the above-mentioned set wavelength which 40 
is indicated by XFs. Then, the luminescent wavelength 
of the tunable LD 502 is swept starting from XLmin2 ( 
until coincidence with the wavelength XFs is obtained. 
Consequently, the tunable LD 502 is set to illuminate at 
the set wavelength which is on the short-wavelength 45 
side of the group of existing wavelengths and which is 
spaced by the required channel spacing AX from the 
existing wavelength which is at the short-wavelength 
end of the group of existing wavelengths. 

As will be understood from the foregoing descrip- so 
tion, according to the second embodiment of the 
present invention, it is possible to set the luminescent 
wavelength of the tunable LD 502 only by, one cycle of 
the wavelength setting operation, with the result that the 
time required for the wavelength setting operation is ss 
shortened, by virtue of the fact that the wavelength 
characteristics of the tunable LD 502 and the tunable 
optical filter 503 are stored in the wavelength control 
system 501. 
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Modifications 

The first and second embodiments as described 
are not exclusive and may be modified provided that the 
luminescent wavelength of the tiinabie LD can be per- 
formed equally well. 

For instance, although in the first embodiment a 
plurality of cycles of the wavelength setting operation 
are executed as required after the single cycle of wave- 
length disposition detecting operation, the wavelength) 
control method of the present invention may be carried 
out in such a manner that each cycle of wavelength set- 
ting operation is necessarily preceded by the wave- 
length disposition detecting operation. 

It is also possible to conduct the examination of the 
candidate wavelengths for the purpose of setting of the 
luminescent wavelength, starting from the shortest one 
or any suitable one of the candidate wavelengths, 
although in the described first embodiment the longest 
one of the candidate wavelengths is examined first. 

The described construction of the optical transmit- 
ter, as well as the constructions of other components of 
the system, also is illustrative. 

For instance, the control of the luminescent wave- 
length of the tunable LD 502 may be performed by con- 
trolling the temperature of the semiconductor laser 
element of the tunable LD 502. instead of controlling the 
electrical current injected by an tunable LD driver circuit 
504 as done in the described embodiments. 

It is also possible to use a fitter of a type other than 
Fabry-Perot resonator type, as the tunable optical fitter 
503. The described external intensity modulation may 
be substituted by other suitable modulation method. For 
instance, a direct intensity modulation which directly 
modulates the tunable laser diode may be used, pro- 
vided that no chirping takes place, ft is also possible to 
directly apply an FSK (Frequency Shift Keying) tech- 
nique. Direct polarization modulation method also can 
be adopted, using a device of the type described in 
Applied Physics Letters, Vbl. 67. No. 23. 1995, "Polari- 
zation switching in AIGaAs/GaAs distributed feedback 
lasers between the stable single longitudinal modes". 

Third Embodiment 

The embodiments and modifications described 
above employ such a system arrangement that the tun- 
able optical filter serving as the detecting means for the 
purpose of wavelength control is provided in each of the 
optical nodes. In the third embodiment which will now 
be described, the detecting means is not provided in 
individual optical nodes. 

Referring to Fig. 7 showing the network structure of 
this embodiment, a center node 701 is used in place of 
the star coupler incorporated in the preceding embodi- 
ments. Optical nodes 711, 712 71 n, associated with 

terminal stations 721, 722, 72n, respectively, are 
connected to the center node 701 . In contrast to the pre- 
ceding embodiments in which the detecting means for 
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the wavelength control are provided in respective opti- 
cal nodes, the third embodiment has a common detect- 
ing means provided in the center node. The detecting 
means in the center node produces wavelength control 
information. Based on such wavelength control informa- 
tion, the wavelength control is performed through 
mutual communication between the center node and 
each optical node. It is to be understood that the third 
embodiment conducts wavelength multiplexing of two 
types of communication: (1) the wavelength division 
multiplexing communication of the type performed in 
each of the preceding embodiments, and (2) the com- 
municatiori for exchanging the wavelength control infor- 
mation between the optical nodes and the center node. 

Fig. 8 illustrates wavelength disposition under such 
wavelength division multiplexing of the two types of 
communication. A group of wavelengths collectively 
denoted by 802 corresponds to the wavelength division 
multiplexing communication of the type performed in the 
preceding embodiments. A high-density wavelength 
division multiplexing 1 is conducted by using 1.5 fun 
band. Meanwhile, 801 denotes a wavelength, region for 
packet communication of the wavelength control infor- 
mation. A 1.3 pm-wave band is allocated for this pur- 
pose. This wavelength region for packet communication 
is commonly used by all the optical nodes, for the pur- 
pose of mutual communication between the optical 
nodes and the center node, executed by using a known 
technique such as CSMA/CD. To this end, the wave- 
length control means in the center node and the optical 
nodes connected to the center node have means which 
enable packet communication between the center node 
and the optical nodes. 

Fig. 9 shows the construction of the center node 
701. As stated before, detecting means used for the 
purpose of wavelength control is provided in the center 
node. Thus, the detection of wavelength is performed in 
the center node and is transmitted from there to each 
optical node. Numeral 901 denotes a wavelength divi- 
sion multiplexing communication control system for 
processing the wavelength control information. Numer- 
als 902 and 903 respectively denote an optical transmit- 
ter and an optical receiver which transmits and receives 
signals in the packet communication system. Numeral 
904 denotes a wavelength detection system for detect- 
ing the wavelength disposition in the wavelength divi- 
sion multiplexing communication system. An optical 
branching device 905 is operative to separate the wave- 
length of the light signal of the wavelength multiplex 
communication control system and the wavelength of 
the light in the packet communication system from each 
other, and to deliver the light of the wavelength multiplex 
communication control system and the light of the 
packet communication system to the wavelength dispo- 
sition detecting system 904 and the optical receiver 
903, respectively. Numerals 906 and 907 denote input 
ports to which are connected the optical nodes through 
the transmission line, while 908 and 909 denote output 
ports to which also are connected to the optical nodes 
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through the transmission line. The light inputted from 
one of the input ports is, distributed to the output ports 
through a optical-coupler 910 having (N + 1) input termi- 
nals and (N + 1) output terminals. Numerals 911 and 

5 912 denote optical switches, each being capable of 
delecting one of two states: namely, a state in which it 
passes the light from the input port to the optical-cou- 
pler 910 so as to allow the light to be distributed to the 
output ports, and a state in which it blocks the input light 

10 so as to prohibit the distribution of the light to the output 
ports. The optical switch used in this embodiment is of a 
light-path change-ovei J type and is operative in such a 
manner that, when it doestnot pass the input light to the 
optical-coupler 910, it delivers the light to the optical - 

75 coupler 913, whereas, when it does not pass the input 
light to the optical-coupler 91 3. it delivers the light to the 
optical-coupler 910. The light input through the optical- 
coupler 913, optical-coupler 914, and the optical 
branching device 905 is led to the wavelength disposi- 

20 tion detecting system 904 or the optical receiver 903. As 
stated before, the optical switch used in this embodi- 
ment is of the light-path change-over type. Therefore, in 
order that the output from the optical switch is received 
also by the wavelength disposition detecting system 

25 even when the same output is being led to the optical- 
coupler 910, one of the outputs of the optical-coupler 
910 is led to the optical branching device 905 via the 
optical-coupler 914. Furthermore, the output from the 
optical transmitter 902 is led to one of the input termi- 

30 nals of the optical-coupler 910 so that it can reach the 
optical node. 

The third embodiment is basically the same as the 
preceding embodiments insofar as it performs the 
wavelength control based on the result of detection of 

35 the wavelength of light emission from the optical node. 
The third embodiment, however, is different from the 
preceding embodiments in that the mutual exchange of 
the wavelength control information is conducted through 
the packet communication system. More specifically, 

40 when an optical node demands signal transmission, 
such a transmission demand is sent to the wavelength 
division multiplexing communication control system 901 
of the center node. In response to the transmission 
demand, the wavelength disposition detecting system 

45 904 of the wavelength division multiplexing communica* 
1 tion control system 901 performs the wavelength detect- 
ing operation, so as to find a wavelength which does not 
interfere with other wavelengths. When wavelength tun- 
able ranges of the respective light-emitting means have 

so been known as in the second embodiment, the detect- 
ing means of the wavelength disposition detecting 
means is set to be able to detect light of a wavelength 
which falls with any one of the continuous wavelength 
tunable ranges and which does not interfere with other 

55 wavelengths. The wavelength multiplex communication 
control system 901 then delivers to the optical node 
demanding the transmission an instruction to perform 
sweeping of the wavelength of the optical node. After 
the output light from the light-emitting means has been 
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detected by the detecting means, a control is performed 
to preserve the predetermined spacing from the adja- 
cent wavelength, as in the second embodiment. 
Namely, when the spacing from the adjacent wave- 
length has become too small, an instruction for shifting 
the luminescent wavelength in a direction to increase 
the spacing is given through the packet communication 
system. When the wavelength tunable ranges of the 
light- emitting means of the respective optical nodes are 
unknown, the wavelength control may be executed in 
the same way as that in the first embodiment. 

It will be clear that the third embodiment as 
described effectively reduces costs because it does not 
require installation of the detecting means in all the opti- 
cal nodes. 

As will be understood from the foregoing descrip- 
tion, according to the present invention, it is possible to 
increase the degree of wavelength multiplexing in a 
wavelength division multiplexing communication net- 
work, by making a full use of overall discontinuous 
wavelength tunable range of a tunable LD in which a 
plurality of discrete continuous wavelength tunable 
ranges exist. This means that the communication effi- 
ciency can markedly improve using a tunable LD having 
an overall wavelength tunable range which is wide but 
includes discontinuities. 

In addition, when the plurality of discrete continu- 
ous wavelength tunable ranges of the tunable LD are 
not known, the luminescent wavelength of the tunable 
LD is set to one of the candidate wavelengths which are 
adjacent to existing wavelengths on the transmission 
line, through setting of the transmissive wavelength of a 
tunable optical filter to successive one of the candidate 
wavelengths. It is therefore possible to densely arrange 
a plurality of transmission channels, while preserving 
the required channel spacing AX between the adjacent 
channels, with an inexpensive arrangement which does 
not require any storage means for storing information to 
be used in the wavelength control system. 

In addition, when a plurality of continuous wave- 
length tunable ranges are known in advance to be the 
existing wavelengths, a candidate wavelength to which 
the luminescent wavelength of the optical transmitter is 
to be set can be detected quickly, so setting of the lumi- 
nescent wavelength to such a wavelength can be 
achieved quickly, thus enabling faster data communica- 
tion. 

A method of controlling a wavelength of emitted 
light in a network system having a light transmission line 
for transmitting light, light-emitting means having a plu- 
rality of discrete continuous-wavelength-tunable ranges 
and emitting the light to the light transmission line, and 
detecting means for detecting light on the light transmis- 
sion line, includes detecting, by the detecting means, a 
wavelength falling within one of the plurality of continu- 
ous-wavelength-tunable ranges of the light-emitting 
means which does not interfere with any wavelengths of 
light being transmitted on the light transmission line, 
and emitting, to the light transmission line, light from the 
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light-emitting means at the wavelength detected in said 
detecting step. 

Claims 

5 . ■ -0 

1. A method of controlling a wavelength of emitted 
light in a network system having a light transmis- 
sion line for transmitting light, light-emitting means 
having a plurality of discrete continuous-wave- 
10 length-tunable ranges and emitting the light to th^ 
light transmission line, and detecting means for 
detecting light on the light transmission line, said 
method comprising the steps of: 

is detecting, by the detecting means, a wave- 

i , length falling within one of the plurality of con- 
tinuous-wavelength-tunable ranges of the light- 
emitting means which does not interfere with 
any wavelengths of light being transmitted on 

20 ' the light transmission line; and 

emitting to the light transmission tine, light from 
the light-emitting means at the wavelength 
detected in said detecting step. 

25 2. A method according to Claim 1 , said detecting step 
comprising: 

identifying, using the detecting means, a wave- 
length which does not interfere with other light; 
30 controlling the detecting means such that the 

detecting means can detect light of the 
detected wavelength which does not interfere 
with other light; and 

tuning the wavelength of the tight from the light- 
35 emitting means and discriminating whether the 

detecting means detects the light from the light- 
emitting means. 

3. A method according to Claim 2. wherein when the 
40 detecting means detects a plurality of wavelengths 

which do not interfere with other light in said identi- 
fying step, white said detecting means controlled to 
detect the wavelength which does not interfere with 
other light fails to detect the tight from the light-emit- 

45 ting means despite execution of said controlling and 
tuning steps, the controlling and tuning steps ere 
repeated such that said controlling step controls the 
detecting means to enable the detecting means to 
detect another wavelength from among the plurality 

so of wavelengths which do not interfere with other 
light, followed by said tuning step, the repetition of 
said controlling and tuning steps being performed 
until the detecting means controlled to detect the 
wavelengths which do not interfere with other light 

55 detects the light from the light-emitting means. 

4. A method according to Claim 1 , said detecting step 
comprising: 
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identifying using the detecting means, a wave- 
' length which does not interfere with other light; 
and 

discriminating whether the identified wave- 
length falls within one of the continuous-wave- s 
length-tunable ranges, which have been 
stored, of the light-emitting means. 

5. A method according to Claim 1 , further comprising 
the step of: 10 

controlling, after said emitting step, the wave- 
lehgth of the light so that said wavelength is 
one of spaced apart a predetermined amount 
from an adjacent wavelength and maintained at 75 
an end of the continuous-wavelength-tunable 
range. 

6. A method according to Claim 1 , further comprising 
the step of prohibiting said emitting step until the 20 
wavelength of the light from the light-emitting 
means is set not to interfere with other light 

7. A method according to Claim 6, said prohibiting 
step prohibiting said emitting step to a part of the 25 
transmitting line. 

8. A network system, comprising: 

a light transmission line along which light is 30 
transmitted; 

light-emitting means having a plurality of dis- 
crete continuous-wavelength-tunable ranged, 
for emitting output light to said light transmis- 
sion line; and 35 
detecting means for detecting a wavelength 
falling within one of the plurality of continuous- 
wavelength-tunable ranges of said iight-emit- 
ting means which does not interfere with any 
other light when delivered by said light-emitting 40 
means to said light transmission line. 

9. A network system according to Claim 8, further 
comprising an optical node, said optical node 
including said light-emitting means and said detect- 45 
ing means, and said optical node being connected 

to said light transmission line. 

1 0. A network system according to Claim 9, said optical 
node further comprising output controlling means so 
for controlling operation between a mode in which 
the output light from said light-emitting means is 
emitted to said light transmission line and a mode in 
which the output light from said light-emitting 
means is not emitted to said light transmission line, ss 

11. A network system according to claim 8, further 
comprising an optical coupler having a plurality of 
output ports, said light transmission line comprising 



a plurality of transmission sub-lines which are con- 
nected through saic| optical coupler which delivers 
light inputted through at least one input port to the 
plurality of output ports. 

12. A network system according to Claim 11, further 
comprising a control node, said control node includ- 
ing said optical coupler, said detecting means, and 

1 said control node further comprising output control- 
( ling means for controlling the control node to oper- 
ate in one of a mode in which the output light from 
said light-emitting means is connected 10 said plu- 
rality output ports of said optical coupler and a 
mode in which the output light from said 'light emit- 
ting means is not connected to said plurality of out- 
put ports of said optical coupler. 

13. A network system according to Claim 11, said opti- 
cal coupler coupling said light-emitting means and 
said detecting means. 

14. A network system according to Claim 11, further 
comprising output controlling means for controlling 
between a mode in which the output light from said 
light-emitting means is delivered to said plurality of 
output ports of said optical coupler and a mode in 
which the output light from said light-emitting 
means is not delivered to said plurality of output 
ports of said optical coupler. 

15. A network system according to Claim 8, wherein 
said detecting means comprises a tunable optical 
filter for controlling the wavelength to be selected. 

16. A network system according to Claim 8, wherein 
said light-emitting means comprises a semiconduc- 
tor laser. 
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FIG. 2A 



STEP I 

DETECT WAVELENGTH DISPOSITION 

a) TUNABLE OPTICAL FILTER : 

• SWEEP FROM MINIMUM WAVELENGTH END XFmin TO MAXIMUM 
WAVELENGTH END XFmax OF WAVELENGTH RANGE 

b) TUNABLE LD : OFF 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #2 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #1 

I 1 

AX. 



XFmin, 



XFmax 
WAVELENGTH 



FIG. 2B 



step n 

SET WAVELENGTH OF TUNABLE LD 

a) WAVELENGTH-VARIABLE FILTER : 

SET FILTER TO WAVELENGTH JIFsl WHICH IS ONE OF 

WAVELENGTH POINTS SPACED AX FROM ANOTHER WAVELENGTH Xal. 

b) TUNABLE LD: 

• LD IS TURNED ON. SWEEP FROM MINIMUM WAVELENGTH XLmin 
TILL WAVELENGTH ACCORDS WITH JlFsl OR TILL XLmax IS REACHED. 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #2 

I 1 



AX 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE # 1 
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XLmax 

WAVELENGTH 
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FIG. 2C 



STEP HI 

SET WAVELENGTH OF TUNABLE ID 

a) TUNABLE OPTICAL FILTER : 

SET FILTER TO WAVELENGTH XFs2 WHICH IS ONE OF 

WAVELENGTH POINTS SPACED AX FROM ANOTHER WAVELENGTH Xa2. 

b) TUNABLE LD : 

LD IS TURNED ON. SWEEP FROM MINIMUM WAVELENGTH XLmin 
< TILL WAVELENGTH ACCORDS WITH XFs2 OR TILL XLmax IS REACHED. 



-0- 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #2 , ax 



II 



CONTINUOUS 

WAVELENGTH TUNABLE 

RANGE # 1 
I 1 



XLmin 



Xa2 XFs2 



XLmax 

WAVELENGTH 



FIG. 2D 



STEP IV 

SET WAVELENGTH OF TUNABLE LD ' 

a) TUNABLE OPTICAL FILTER : 

SET FILTER TO WAVELENGTH XFs3 WHICH IS ONE OF 

WAVELENGTH POINTS SPACED AX FROM ANOTHER WAVELENGTH Xa3. 

b) TUNABLE LD : 

LD IS TURNED ON. SWEEP FROM MINIMUM WAVELENGTH XLmin 

TILL WAVELENGTH ACCORDS WITH XFs3 OR TILL XLmax IS REACHED. 



XLmin 



CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #2 

i 1 




CONTINUOUS 
WAVELENGTH TUNABLE 
RANGE #1 
I : — I 




XLmax 

WAVE LENGTH 
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FIG. 4 



—C- 

STAR COUPLER 



420 




OPTICAL 
BRANCHING 
DEVICE Lp(t) 

"^453 



OPTICAL 
TRANSMITTER 



V 



OPTICAL 
RECEIVER 



451 



^452 
OPTICAL NODE 
V 401 



OPTICAL 




OPTICAL 


NODE 




NODE 







TERMINAL 
STATION 



402 



^412 



403 



TERMINAL 
STATION 

^ 



413 



TERMINAL 
STATION 



^411 



18 

BNSOOCID: <EP 0810752A2_L> 



EP 0 810 752 A2 



6 




19 



BNSDOCID: <EP. 



_0810752A2_I_> 



» 

EP 0 810 752 A2 



FIG. 6A 



STEP 1 

DETECT WAVELENGTH DISPOSITION 
a) TUNABLE OPTICAL FILTER 
SWEEP FROM MINIMUM WAVELENGTH END ( JlFmin ) TO MAXIMUM 
WAVELENGTH END (XFmax ) OF WAVELENGTH RANGE 

' b) TUNABLE LD : OFF .. ' ■ 

c) OPTICAL SWITCH : TURNED TO SELECT OPTICAL CONFLUENCE DEVICE 



CONTINUOUS WAVELENGTH TUNABLE RANGE 



1 



A,Fmin 



4- 

Xal 



AX , 

111 



XFmax 



WAVELENGTH 



FIG. 6B 



STEP 2 

SET WAVELENGTH OF TUNABLE LD 

a) TUNABLE OPTICAL FILTER : 

SET FILTER TO WAVELENGTH XFs WHICH IS ONE OF 

WAVELENGTH POINTS SPACED dX FROM ANOTHER WAVELENGTH Xal. 

b) TUNABLE LD: 

LD IS TURNED ON. SWEEP FROM MINIMUM WAVELENGTH JlLmiii 
TILL WAVELENGTH ACCORDS WITH XFs. 

c) OPTICAL SWITCH : TURNED TO SELECT OPTICAL CONFLUENCE DEVICE 



CONTINUOUS WAVELENGTH TUNABLE RANGE 
I H 

AX 



WAVELENGTH 
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FIG. 6C 



STEP 3 

DELIVER LIGHT TO TRANSMISSION LINE, UfHILE MAINTAINING 
CONSTANT WAVELENGTH SPACING FROM ADJACENT WAVELENGTH 

a) TUNABLE OPTICAL FILTER : SWEEP FROM XL - dX TO XL + AX +dX. 

b) TUNABLE LD : MAINTAIN WAVELENGTH SPACING AX 

FROM ADJACENT WAVELENGTH Xal. 

c) OPTICAL SWITCH : TURNED TO SELECT TRANSMISSION LINE 



CONTINUOUS WAVELENGTH TUNABLE RANGE 



dX^j^rdX 




WAVELENGTH 



FIG. 6D 



STEP 4 

SHIFT WAVELENGTH TO LONGER SIDE, SINCE WAVELENGTH SPACING 
HAS BEEN INCREASED DUE TO EXTINCTION OF ADJACENT WAVELENGTH 

a) TUNABLE OPTICAL FILTER : SWEEP FROM XL - dX TO XL + AX +dX. 

b) TUNABLE LD : MAINTAIN WAVELENGTH SPACING AX 

FROM ADJACENT WAVELENGTH Xal. 

c) OPTICAL SWITCH : TURNED TO SELECT TRANSMISSION LINE 



CONTINUOUS WAVELENGTH TUNABLE RANGE 

I : '—■ 1 



4MJL 

XL Xa2 



WAVELENGTH 



FIG. 6E 



STEP 5 

SET WAVELENGTH OF WAVELENGTH-VARIABLE LD 

a) TUNABLE OPTICAL FILTER : SWEEP FROM XL - dX TO XL + AX +dX. 

b) TUNABLE LD : MAINTAIN WAVELENGTH SPACING AX 

FROM ADJACENT WAVELENGTH Xa2. 

c) OPTICAL SWITCH : TURNED TO SELECT TRANSMISSION LINE 



CONTINUOUS WAVELENGTH TUNABLE RANGE 



AX 

XL Xa2 



WAVELENGTH 
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FIG. 7 
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